1. Introduction {#sec1}
===============

Modulation of rumen processes, particularly rumen biohydrogenation, gained an increasing interest in the last decade. This intensive interest is related to some health promoting effects of fatty acids presented in ruminants\' products, especially milk, which is considered as a major source of dietary lipids in human diets ([@bib1], [@bib20]). Recent researches have shown that unsaturated trans-10, cis-12 C18:2 inhibit tumors growth in colon and gastric cancer cell lines; as well, cis-9, trans-11 C18:2 may be efficacious in reducing risk of breast cancer in premenopausal women. The studies published about antidiabetic effect of conjugated linoleic acids (CLA) isomers also indicated that either cis-9, trans-11 C18:2 or trans-10, cis-12 C18:2 increase insulin resistances in obese men with metabolic syndrome. It has also been shown that trans-10, cis-12 C18:2 is responsible for the body mass reduction and weight change ([@bib22]).

In ruminants, biohydrogenation of long chain unsaturated fatty acid (LCUFA) at pH 5.9 to 6.7 is related with the presence of CLA. Conjugated linoleic acids isomers naturally produced by rumen bacteria as intermediates in the biohydrogenation of dietary LCUFA mainly linoleic acid C18:2, with cis-9, trans-11 CLA being the predominant isomer found in ruminants products ([@bib5]). Conjugated linoleic acid is formed also from the endogenous conversion of trans-11 C18:1 (trans vaccenic acid, VA), another intermediate of rumen biohydrogenation of linoleic acid and/or linolenic acid (C18:3) by the Δ-9 desaturase enzyme in the mammary gland ([@bib11], [@bib8]). Several studies in the last decades were conducted mainly to illustrate the impact of oil supplementation on the rumen biohydrogenation and other parameters i.e., methane mitigation. Most of the results positively highlighted the impact of supplemented oils on different rumen parameters especially fatty acid modulation ([@bib18], [@bib27], [@bib7]). According to [@bib19], [@bib16], oleic acid conversion by rumen microflora produce only stearic acid without the formation of any intermediates, while, some *in vitro* expriment studies showed that conversion of oleic acid to a variety of trans isomers ([@bib23], [@bib2]). Additionally, the impact of monensin in ruminants nutrition were noted which work in inhibiting the growth of gram-positive bacteria that produce hydrogen and also related to the biohydrogenation process ([@bib26], [@bib30], [@bib10]). [@bib14] showed that the *in vitro* supplementation of monensin (2 g/mL) increased CLA proportion compared with the control, the same results was obtained from the *in vivo* study conducted on dairy cattle by [@bib12] who noticed an increase in CLA content in milk when monensin is supplemented. Thus, the use of monensin in association with lipid supplementation (sunflower oil, olive oil) may be one of the ways of increasing the CLA content in ruminant products. Subsequently, the main aim of the present study is to investigate the effect of supplementing diets with sunflower and olive oils with or without monensin on the *in vitro* vaccenic acid and CLA formation using continuous culture fermenters.

2. Materials and methods {#sec2}
========================

2.1. Apparatus and experimental design {#sec2.1}
--------------------------------------

Eight dual-flow continuous culture fermenters as described by [@bib28] in an 8 × 8 Latin square experiment lasted for 10 days each (first 7 days for adaptation and last 3 days for samples collection). Ruminal fluid was obtained from 2 ruminally fistulated bulls (450 kg BW) fed a mixture of dehydrated alfalfa hay and commercial concentrate (30:70 on DM basis). Collected rumen content were blended then strained through four layers of cheesecloth and immediately transported to the laboratory in a water bath preheated to 39°C. Approximately 600 mL of the ruminal fluid was added to each of the eight fermenters, containing 100 mL of pre-warmed buffer, anaerobic conditions in fermenters were maintained by infusing CO~2~ at a rate 40 mL/min. Cultures were stirred continuously at 45 rpm. Fermenter temperature was maintained at 39°C using a circulating water bath. Buffer was delivered continuously at a flow rate of 1.16 mL/min, using a precision pump. Treatment diets (forage to concentrate; wt/wt) were fed at 45 g/d DM in two equal portions at 0800 and 1600 h. pH were measured daily before morning feeding and recorded. Overflow measured daily before morning feeding and recorded. The control basal after contained 16.6% CP, 27.5% NDF, and 17.4% ADF. The diet (DM basis) consisted of alfalfa hay (50%), ground barley grain (24%), ground corn grain (16%), soybean meal (9.7%), salt (NaCl, 0.3%), The diet was designed to meet or exceed nutrient recommendations for a Holstein cow (650 kg BW) producing 30 kg of milk ([@bib24]). Treatments were T1: control diet plus monensin; T~2~: control diet supplemented with 5% olive oil plus monensin; T~3~: control diet supplemented with 5% sunflower oil plus monensin; T~4~: control diet supplemented with 5% olive oil and sunflower oil plus monensin, T~5:~ control diet; T~6~: control diet supplemented with 5% olive oil; T~7~: control diet supplemented with 5% sunflower oil; T~8~: control diet supplemented with 5% olive oil and sunflower oil.

2.2. Sample collection and analysis {#sec2.2}
-----------------------------------

Starting on days 7, 8 and 9 of each period, the overflow (effluent) was collected into 2 L plastic flasks. Collected effluents were homogenized by stirring and approximately 0.25 (vol/vol) subsamples were pooled into one sample and stored at −20°C until further analysis. Effluent samples were carried out according to [@bib45]. Dry matter of experimental diets was determined by drying at 105°C for 48 h ([@bib3]; method 930.15). Samples were analyzed for ash (method 942.05) according to [@bib4]. Treatment diets and effluent samples were methylated using the sodium methoxide (CH~3~ONa) and HCl two step procedures as outlined by [@bib47] and analyzed in duplicate for fatty acids (FA). Fatty acids methyl esters (FAME) were separated using a Cp-Sil 88 fused-silica capillary column (100 m × 0.25 mm i.d.× 0.2 μm film thickness, Chrompack, Middelburg, Netherlands) on a Perkin--Elmer chromatograph (model 8420,Beaconsfield) equipped with a flame ionization detector. The column was held at 100°C for 1 min after injection, temperature-programmed at 7°C/min to 170°C, held there for 55 min, then temperature-programmed at 10°C/min to 230°C and held there for 33 min. Helium was the carrier gas with a column inlet pressure set at 30 psig and a split ratio of 1:20. The injection volume was 0.2 μL. Total run time was of 105 min.

On day 10 of each period, samples were collected from each fermenter at 3 h post morning feeding for total volatile fatty acids (TVFA) and ammonia--nitrogen (NH~3~--N). Before collection of samples, the fermenter speed was increased to 190 to 200 rpm to ensure thorough mixing. Ammonia--N samples were centrifuged at 2,000 × *g* at 4°C for 10 min and the supernatant was acidified with 0.5 mL of 0.1 N HCl then analyzed for NH~3~--N by a Teco Diagnostics Kit (Anaheim, CA, USA) using a spectrophotometer (Thermo Spectronic Genesys 5 Spectrophotometer, Artisan Scientific, Champaign, IL, USA) ([@bib1]).

2.3. Statistical analysis {#sec2.3}
-------------------------

Data was analyzed as an 8 × 8 Latin square design with a 2 × 4 factorial arrangement of treatments using the PROC MIXED of SAS (SAS Institute, Inc., Cary, NC). The statistical model included: fermenters, diet, and period. Fixed effects were diet and period, Random effect was fermenter. Fermentation parameters collected over different times analyzed by ANOVA for repeated measures, In case of NH~3~--N, TVFA zero time means used as a covariate to adjust 3 & 6 h. Results are expressed as least square means with standard error of the means. The significance threshold was set at *P* \< 0.05.

3. Results {#sec3}
==========

The effect of the experimental diets on fermentation is presented in [Table 1](#tbl1){ref-type="table"}. No differences were found on fermenters pH (*P* \> 0.05). Ammonia\--nitrogen concentration was decreased (*P* \< 0.05) in T~2~, T~4~, T~6~ and T~8~ while increased in T~3~ and T~7~ (*P* \< 0.05) compared with T~1~. Total volatile fatty acids concentrations results showed that T~7~ and T~3~ recorded the highest values while T~4~ and T~8~ recorded the lowest values (*P* \< 0.05).Table 1Effect of experimental diets on *in vitro* ruminal parameters using continuous fermentor.ItemTreatment[1](#tbl1fna){ref-type="table-fn"}SE*P*-valueT~1~T~2~T~3~T~4~T~5~T~6~T~7~T~8~**pH**Zero6.56.536.486.536.456.456.506.530.0320.213 h6.286.26.156.156.306.256.156.150.060.166 h6.456.456.46.56.436.486.406.400.0350.15Mean6.416.396.346.396.396.396.356.360.0450.11**Ammonia-N concentration, mg/dL**Zero8.885.189.776.038.705.089.255.901.840.0443 h16.4711.419.111.1515.9510.8219.1511.053.440.026 h13.156.6316.86.813.985.8516.606.754.460.039Mean12.837.7415.227.9912.887.2515.007.903.230.023**TVFA concentration, mmol/L**Zero7.838.319.747.977.227.739.647.890.850.0383 h9.5710.010.428.849.6810.0613.168.861.270.0426 h9.4910.5211.388.109.619.6910.988.551.060.029Mean8.969.6110.518.308.849.1611.268.430.960.034[^1]

The effects of the experimental diets on effluent FA are presented on [Table 2](#tbl2){ref-type="table"}. Results showed that T~7~ recorded the highest value of C18:2 and T~4~ recorded the lowest value and there were significant differences among treatments (*P* \< 0.05). Vaccenic acid values were increased (*P* \< 0.05) in T~3~ and T~4~, while decreased in T~2~, T~5~, T~6~ and T~7~ compared with T~1~ (*P* \< 0.05). Conjugated linoleic acids values were higher in T~5~ and T~6~ compared with other treatments (*P* \< 0.05). The effects of the experimental diets on DM and OM digestibility are presented in [Table 3](#tbl3){ref-type="table"}. Supplementing diets with olive oil and sunflower oil plus monensin (T~2~, T~3~, T~4~, T~7~ and T~8~) increased (*P* \< 0.05) DM and OM digestibility compared with other treatments.Table 2Effect of experimental diets on *in vitro* fatty acids concentrations (mg/100 mL) using continuous fermentor.ItemTreatment[1](#tbl2fna){ref-type="table-fn"}SE*P*-valueT~1~T~2~T~3~T~4~T~5~T~6~T~7~T~8~C18:20.700.550.430.380.680.500.750.700.060.041Trans vaccenic acid2.702.683.103.331.981.932.532.780.070.034C18: 2 cis-9, trans-110.280.180.150.230.350.450.150.180.050.039[^2]Table 3Effect of experimental diets on *in vitro* dry matter and organic matter digestibility (g/100 g) using continuous fermentor.ItemTreatment[1](#tbl3fna){ref-type="table-fn"}SE*P*-valueT~1~T~2~T~3~T~4~T~5~T~6~T~7~T~8~DM56.261.0263.8365.6154.7756.8660.1962.151.340.04OM56.8361.7064.5468.8754.1055.3057.9559.871.020.03[^3]

4. Discussion {#sec4}
=============

The present results of ruminal fermentation especially TVFA disagreed with many studies ([@bib29], [@bib15], [@bib25]) who suggested that adding monensin to diet decrease TVFA which may be due to reduction of cellulolytic activity through inhibiting cellulolytic bacteria ([@bib9]). Many studies showed that supplementing diets with oils rich on linoleic acid (sunflower oil) or rich on oleic acid (olive oil) could increase CLA contents ([@bib33], [@bib32], [@bib31], [@bib13], [@bib21]). [@bib14] reported that adding monensin to diets could inhibit the growth and activity of *Butyrivibrio fibrisolvens*, which is active in the ruminal hydrogenation.

It\'s also proven that monensin is associated with milk fat depression due to its effect on inhibiting the biohydrogenation of polyunsaturated fatty acids, and consequently alters the rumen and milk fatty acid composition ([@bib46]). [@bib17] also reported an increase in milk VA and CLA when diet was rich in C18 polyunsaturated fatty acids suggesting that monensin did directly alter ruminal biohydrogenation.

[@bib6] recorded that the differences in CLA production in the rumen may be related to ruminal bacteria adaptation in which monensin-resistant species be dominant and replace monensin-sensitive bacteria responsible for bio-hydrogenation in the rumen.

5. Conclusion {#sec5}
=============

Supplementing diets with plant oils and monensin have no effects on fermenter pH. The supplementing diets with sunflower oil plus monensin increased the concentration of trans-vaccenic acid and CLA. Also, the supplementing diets with different plant oils plus monensin increased DM and OM digestibility.
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[^1]: TVFA = total volatile fatty acids; T~1~: control diet plus monensin; T~2~: control diet supplemented with 5% olive oil plus monensin; T~3~: control diet supplemented with 5% sunflower oil plus monensin; T~4~: control diet supplemented with 5% olive oil and sunflower oil plus monensin, T~5~: control diet; T~6~: control diet supplemented with 5% olive oil; T~7~: control diet supplemented with 5% sunflower oil; T~8~: control diet supplemented with 5% olive oil and sunflower oil.

[^2]: T~1~: control diet plus monensin; T~2~: control diet supplemented with 5% olive oil plus monensin; T~3~: control diet supplemented with 5% sunflower oil plus monensin; T~4~: control diet supplemented with 5% olive oil and sunflower oil plus monensin, T~5~: control diet; T~6~: control diet supplemented with 5% olive oil; T~7~: control diet supplemented with 5% sunflower oil; T~8~: control diet supplemented with 5% olive oil and sunflower oil.

[^3]: T~1~: control diet plus monensin; T~2~: control diet supplemented with 5% olive oil plus monensin; T~3~: control diet supplemented with 5% sunflower oil plus monensin; T~4~: control diet supplemented with 5% olive oil and sunflower oil plus monensin, T~5~: control diet; T~6~: control diet supplemented with 5% olive oil; T~7~: control diet supplemented with 5% sunflower oil; T~8~: control diet supplemented with 5% olive oil and sunflower oil.
